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Executive Summary

EXECUTIVE SUMMARY

Potomac Economics provides this State of the Market Report fart@@Be Public Utility
Commission of Texam our role as its Independent Market Monitor (IMM)his report
presents ouassessient ofthe outcomes ahewholesale electricity market in the Electric
Reliability Council of Texa¢eRCOT) Additionally,we recommendhanges tanprove the
competitve performance andperationof theERCOTmarkets

ERCOT manages th@oduction andlow of electric power to more than 26 million Texas
customers about 90% of the state's total electric demand. Every five minh&SRCOT

markes coordinate the ektricity productiorfrom more than 710 generating resourcesatisfy
customer demanand manag#heresulting flowsof poweracross more than 46,500 miles of
transmission lines the region Additionally, the prices produced by thearkets facilitate the
long-term investment and retirements of resources in the ERCOT regence, thanar ket s 0
performancehat we evaluate in this report is critical for maintaining reliabihty¥fexas.

2021 was an extraordinary yefor the ERCOT markets as it dealt with the effects and aftermath
of Winter Storm Uri. This report includes a detailed discussion of the Winter Storrevent
including thelessons it providedTo isolate these effects asdowthe trends in othdrours,we
show two versions of a numbef figuresin this report, oafor theentireyear and a second one
with the effects of the storm removebh addition, we have addedhaw sectiorto this report
thatdiscusesthe changing griéind future needs of the markd&these findings are summarized

at the end of thiexecutive summary. é§ resultdn 2021 include the following:

Winter Storm Uri

1 Thedefining evenin ERCOT in 202loccurredon Februaryl3through19when Winter
Storm Uri hit the ERCOT regigrausng widespreadutages of genelian, natural gas
supply, and transportation equipmenthese outages caused a severe supply/demand
imbalance andequired ERCOT to ordeurtailment ofload to maintain theperation of
the bulk electric systemndprevent widespread collapse.

1 Energy prices in thday-aheadmarket andeattime marketremained abr nearthe offer
cap for most of this timeThe extendeghortagepricing createdextremefinancial
outcomes for some market participanihis wagarticularlytrue for those exposed to
day-aheador reattime pricesdue to irsufficient coverage throudgimancialcontracts or
generabrsunable to operate during the stotsmhedge this exposure

2021 State of the Market Report| i



Executive Summary

f The totavalue ofelectricity during this event was$billion.! Since many utilities
supply some or all of their needs from owned or purchased genethéomefpurchases
of energy and ancillary services from ERCOT during the eventhwa$ lesghan that
total value

Competition andViarket Power

1 There is little evidence that suppliedsused market power the wholesale market to
raise systenwide priceghrouwgh traditional withholding strategies

- However, anontraditionalwithholding strategy emerged the latter half of the
yearg i v e n EiR&dddmmitment ofesourcethrough Reliability Unit
Commitment (RUCand the high RUC offer floaxssociaté with that commitment
established in the protocols

- This incentive issue has been subsequently addressadule change proposed by
the IMM and passed by the ERCOT stakeholdbes ERCOTBoard of Directors,
andthe Public Utility Commissiorof Texas?

1 In somelocal areasfransmission system limitatioms the amount gbowerthat can
flow into the areaanincreasepportunities to abuse market power. Howeggtigated
offer price caps inthesesituationseffectively addressed thespportunitiesn 2021.

Demand for and Supply of Electricity

1 The highest electricity demand in 20@as 72,339 megawatfsIW), occurring on
September 1 betwednhand 5 p.m. This was about 2,500 MW lower than theraé
peak demandeton August 12, 2019Backcast aalysis ofWinter StormUri indicated
that demand could haveacheds high ag6,819MW during the storm, had the ERCOT
system been able to serve the entire demand.

1 Although totalconsumptiorwashigher than 2020, thaaily peaks were generally lower,
partly because of theffects of theaCOVID-19 pandemian the early part of the year

1 The supply of generation in the ERCOT region continues to ev@ver 7,000 MW of
newwind and solar resource820 MW ofenergy storageesource¢ESRs),and
approximately700 MW of natural gas supptame onlinen 2021.

1 Approximatelyl72 MW of wind and natural gagsourcesetired in 202.

We previously quantified the impact as $56 billion for Februartd4In this report wealsoinclude
February 13, which brings the total to $59 billion

2 NPRRL092:Reduce RUC Offer Floor andmit RUC OptOut Provision
3 https://www.ercot.com/files/docs/2021/03/03/Texas_Legislature Hearif@s2021.pdf
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Market Outcomesind Performance

1 Average energpricesincreased bynore than six timet $167.88 per megawathour
(MWh). This change was primarijueto the extreme supply shortaggnd resulting
pricesduringWinter StormUri, andto a lesser extemtue to higheaveragenatural gas
pricesduring the balance of the year.

1 Transmission congestion in the réiahe market was up6% in 202, totaling $2.1
billion. More than $560 million of ils was generated during Winter Storm Uri.

- Electric transmission networks become congesteeh power flows reach thienit
on a transmison line. To resolve the congestioopstsare incurredo alter
generation in different locations.

1 ERCOTis increasinglylimiting the flows acrosscertainnetworkpathsto maintain the
stability of the systemwhichincreasesransmissiorcongestion costsThese stability
issues have partly been caused by the increasearterbasedesources The
congestion remssociatedavith thesestability constraints increased fro190 million in
2020 to$400 million in 2021 roughly 20 percenbf all reattime congestiomrosts

1 ERCOT changed its operational posture in July 2®2ihcreasingeserveswhich
substantiallyaffectedmarket outcomem the second half of the ye&ris change
included:

- Increasedonspinning reserveequirements;

- More routine use of RUGncluding issuing instructions earlier in the day and
committing more longelead time resourceand

- Adjusting theselection of forecasto more frequently rely on the highest load
forecast and the lowest wind and solar forecasts.

PlannedChanges to Improve Market Performance

1 The most important markehangeu n d e r way iinsproEeReDitdestime
market to optimize the schedulingits resourcegach five minutes fgoroviding energy
andoperating reserves al s o leattone coopénsizationd or RTC.

- Thiswasplannedo golive in 2025 Due to significant issues identified following
Winter Storm Urj ERCOT hagostponedhe RTC project

- RTCshould be prioritized given its promisgimprove pricing during supply
shortagesind better utilize the existing generation fleet

1 ERCOT continues to plan for the integrationeshergingtechnologies, such as ESRs and
distributed g@neratiorresources (DGRS).

Below are more detailed summaries of each of the key findihtss report
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Winter Storm Uri

In February 2021, the ERCOT grid experienced unprecedented disruptions in electdcity a
natural gas service during Winter Storm Uri, resulting in widesgpealdnged outages
throughout the ERCOT region. Thiein produced unusually low temperatuaesoss the state
which were sustained over many dayi@ken together, these conditiomere much more severe
than typical peakvinter conditions.

The DallasFt. Worth(DFW) area experienced 140 consecutive hours at or below freezing, with
a minimum temperature e2° F. This is15°F colderthan inthe winter event in 201and was
sustained foB9 more houré. In the Austin area, these extremes were even more prongunced
with nearly 100 more hours at or below freezing temperatoepared t@2011

Beginning on February 12, 2021, a Declaration of a State of Disaster for all counties in Texas
was issued pursuant to Texas Government Code § 418.014 in response to thevértesme
weather eventTheseextraordinaryconditions simultaneouslya) increased electric demand
significantly abovdorecasted peak winter demaawidb) reducedhe available generation
because dforced outages arfdel shortages The simultaneous sharp increase in the demand
andlarge reduction in supply producadarge supphdemand imbalanddat resulted in
sustainedlemand outageslheseconditions emergenh the early morning hours of February I5,
2021whenERCOT declareds highest state of emergency, Energy Emergency Alert Level 3
(EEAR), as theexceptional electric demand exceddheavailablesupply. To stabilize the

rapidly deteriorating grid conditions, ERC@fdered transmission companies to reduce demand
onthesystem by i mplementing out ages Theseroutagasst o me r
are designed to rotate reduce the impact to customerat transmission companiegere

unable tarotatein many casebecause othe depth of the load shed. ERCOMmegned in EEA3
throughmid-morning February 19, 2021.

At the height of the storm, more than 52 gigaw@®®/) of generation resources in the ERCOT
region were unavailableThe majority ofthose outages weraused byyquipment failure, fuel
shortages, or other weath@lated issueselated to the stormERCOT also experienced a
number of transmission issues during Winter Storm Uri that impacted grid operations.
Unfortunately, the load sheddicgusel some natural @s facilities to lose powdfacilities that
were facing their own weatheelated issuesjeduang their ability to deliver gas toatural gas
fired generators, andacerbang thesupply shortage.

We did not find any evidence &RCOTmarket participats exercising market power during the
event. However, as we reportédlastyead s St at e SpttieenergyeandMracitlakye t

https://comptroller.texas.gov/economy/fiscaites/2021/oct/wintestormimpact.php

https://www.potomaceconomics.comAgpntent/uploads/2021/06/20HRCOT-Stateof-the-Market
Report.pdf
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services marketisoth produced outcomes that werefficient These issues were resolved on a
going-forward basis aftethe storm.

Reattime Energy Pridng Outcomes

Reattime prices during shortage conditiongis i t i ¢ al i mportant, partict

energyonly market, because it provides gmnomic signals necessary for generators to be
available. Whensupply shortages prevent ERCOT from serving the load, prices should reflect
thel val ue o fVOLLpad $9000 peaMVdh, which is also the systewde offer cap.
However, @spite firm loadkhedat the outset of Winter Storm Uenergy prices cleadat less

than $9,00(per MWhanddipped as low as approximately $1,200 per MWh on February 16,
2021. Theseprices werecaused byrevailingpricing rulesthat did not account for tHem load
shed although they account for other enftmarket actions by operatdtsin response, the
Commission directed ERCOT to accotmimodify the pricing rules taddress this issyevhich
corrected the pricingfter February 16

It is equally important that price®treflect VOLL when the system is not in shortage
Transmission operators receivibe recall ofthe last of the firm load shed instructigost
before midnight orrebruary 17but priceswere heldatthe VOLL of $9,000 per MWhthrough
mid-morningon February 19 Thisincreased thgaluation of energy during the event
substantially butincreasedettlement costs to loathy much lesdecause of loaderving

e nt iotvne@ gergeration arslipplypurchase.

Finally, thesystem includesform of i c i r ¢ u i for ektended peodsdof high prices called
the peaker net margi(PNM) threshold whichwas exceeded during February 16, 2021, for the
first time 1 nTh&PRK B héestimatedsevenueya new peaking resources
would earn above itdarginaloperating costsWhen these estimated revenues exdked

established threshold tiree times the annual cdstildinganewp ea ki ng unit ( a.

of New Ent r thedsystemwid€diféd Eap is reduced from the initial high system
wide offer cap (HCAP or $900 per MWh)o thelow systemwide offer (LCAP) for the
remainder of the calendar yedn February 2021, theCAP was defined as the greater of either
$2,000 per MWh or 50 times the natural gas price (also known as the fuel inaeardFie).

Natural gasndexpricesreached valuesver $400 per MMBtu during the loathed event,
compared t@around $3 per MMBtwn average duringrevious yearsAs a result, the LCAP (50
times FIP, or upo $20,000) exceeded the HCAP of @30. Theefore,the Commission

These oubf-marketactions includdeERCOT issuing RUC instructions or deploying ERS.

7 SeeCalendar ¥ar 2021- Open Meeting Agenda Items without an Associated CoiRtroject No. 51617,
Second Order Directing ERCOT to take Action and Granting Exception to Commission Rul2g¢rhl 16,
2021).
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suspended use of the LCA® avoidan outcome contrary to the purpose of the fule protect
consumers from stiainechigh prices. Suspension of LCARcurredon March 3, 202%.

The Commission addressed réate energy priaig issues following Winter Storm Urin PUC
Project No. 51871Review of the ERCOT Scarcity Pricing Mechanigra,Commissiomleleed
the provision that tied the LCAP to natural gas pricEse revised rulenakes resources whole
to their actual marginal costs when the LCAP is in efledPUCProject No. 52631Review of
25.505 the Commissiotowered the HCAP to $5,000 per MWh effective January 1, 2022.

Ancillary Services Pricng Outcomes

During the Februgy 2021Winter Storm Urj ancillary service market clearing prices for capacity
(MCPCs) reached record higheell above thesystemwide offer cap in effect at the tindue to

the design othe dayahead markgiDAM) clearing algorithmwhichconsideredre o ur c e s 6
opportunity cost of providing other servicéeBhoseopportunity costs were higher than had
previously been encountered. Additionally, the ancillary service penalty factors for not awarding
ancillary servics, the assumed cost of being short méilary servicesyereset at levels

arbitrarily higher than the systemide offer cap Thiswas significant becausacillary service
offerswere frequently insufficierduring Winter Storm Uri Thereforethe DAM algorithmset
MCPCs in excess @25,000 per MWfar above th&/OLL and HCAPof $9,000 perMWh.

Because ancillary services are procurecetiucethe probability of shedding load,is not
economically reasonable to value them in exceS8&ifL.. This issue overvalued ancillary

services byclose to $illion and affectegp ar t i ci pant s net settl ement
after accounting fou t i | owned anguwchased generation.

ERCOT and the IMMsubsequentlgosponsoretNPRR1080Limiting Ancillary Service Price to
SysterWVide Offer Camndtheaccompanyingther Binding Document Revision Request
(OBDRR030): Related to NPRR1080, Limiting Ancillary Service Price to SyStae Offer
Cap, bothapprovedn June 2021to limit ancillary service MCPCs to the systewde offer cap.
This limitation wasmplementedy reducing the penalty factors to values equal to or
immediately below the systemide offer cap This will preventMCPCs from exceeding the
systemwide offercap consistent witrsoundeconomic principles.

In addition to extraordinarily high ancillary services prices, there were a number of instances
during Winter Storm Urwhenancillary services were not providbeg individual resourcem

real time becausef forced outages or deratgp. During normal conditiongnERCOT operator
typically notesthe short amourgo thathe dayahead ancillary service paymenmtl berecouped

See Calendar Year 202Dpen Meeting Agenda Items dut an Associated Control, Project No. 51617,
Second Order Directing ERCOT to take Action and Granting Exception to Commission Ru(Eglat 16,
2021)

9 Issues Related to the State of Disafterthe February 202 1 Winter Weather Evérioject No. 5182,
Order Reinstating Low Systelvide Offer Cap at 2 (Mar. 3, 2021).
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the entityin settlement. However, the ERCOT operators did not complete tkiduaag the
winter event Therefore the "failure to provide" settlements were not invoked in reakbinthe
short entities were able to keep their @dnead payments.

In response tarecommendatioby the IMM,'! the CommissiomlirectedERCOT toresettle

each entity that failed on its ancillary service supply responsibility in accordance with ERCOT
Nodal Protocol section 6.4.9.1.3 for any hour of ERCOT's operating days Februad214,
through February 19, 202%.Invoking the "failure to provide" settlement fivreseancillary
services ensured that market participants were not paid for services that they did not provide
during Winter Storm Uri

Moving Forward from Winter Storm Uri

Thesustainedhortage pricinded to billions of dollars in excess costs and numerous defaults

that ERCOTandthatthe State of Texas wiltontinue to grapplwith for yearsto come.ERCOT

short paymentémoney owed by entitiethat was nopaidto ERCOT) duringWinter Storm Uri
exceeded $3 billion Several retail electric providersereforced to exit the market and one

large electric cooperativie seeking bankruptcy protection. The financial stress on the ERCOT
market led to significant intervention by the Texas Legislaturel@@ommission discussed

below, which together authorized and implemented broad securitization and financing measures
to stabilize the wholesale markét.

Competition and Market Power

We evaluate market power from two perspectives: structural (does market power exist?) and
behavioral (have attempts been made to exercise it?). Based on our analysisthes find

structural market power continues to exist in ERCOT thuerte isno evidercethatsuppliers

abused market power #021 based on traditional withholding strategiésowever,we

identified aspecific withholdingst r at egy rel ated to ERCOTO6s new
protocol change to addreiss

10 Removing the operator intervention step and automating the "failure to provide" settlement was contemplated

in NPRR947 Clarification to Ancillary Service Supply ResponstlilDefinition and Improvements to
Determining and Charging for Ancillary Service Failed Quantitieswever, the NPRR was withdrawn in
August 2020 because of the system cost, some complexities related to ancillary service trades, and the
impending implemetation ofRTC.

n Issues Related to the State of Disafteithe February 202 1 Winter Weather Evdntoject No. 51812,
Potomac Economics' Letter to Commissioners at 1 (Mar. 1, 2021).

12 Id., Second Order Addressing Ancillary Services at 2 (Mar. 12, 2021).

3 SeeSB 2, SB 3 SB 2154 SB 1580 HB 4492 Application of the Electric Reliability Council of Texdisc.
for a Debt Obligation Order under PURBhapter39, SibchapteM, and Request for a Good Cause
Exception DocketNo. 52321(Oct. 13, 2021)andApplication of theElectric Reliability Council of Texas,
Inc. for a Debt Obligation Ordeto Finance Uplift Balances under PURA Chapd&; Subchapter N, and for
a Good Cause ExceptipPocket N0.52322(Oct. 13, 2021)
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Structural Market Power

In electricity markets, a mowdfectiveindicator of potentiaimarket powethan traditional

market concentration metricss t o anal yze when a supplier is
when its resources are needed to fallyisfycustomer demand oeduce flows over a

transmissiorine to manage congestioif heresultsbelowindicate that market power continues

to exist in ERCOT and requires mitigation measures to addreSsét. the entire ERCOT

region:

1 Pivotal suppliers existeti8% of all houran 2021, compared to 2% in 2@0.

1 Under highload conditions, a supplier was pivotal in more tiAé¥ of the hourssince
competing supply is more likely to alreakdgve beerfully utilized.

Market power camlsobe a much greater concernlacal areasvhen poweflows overthe
network causéransmissiorcongestion that isolatbeseareas Market rules cap prices that
suppliers can offerinthesea s es, mi t i @lality to abyse snarkefppbwere r s 6

Behavioral Evaluation

In addition to the structural analysis of market powerewaduate behavior to assess whether

supplies engaged in behavior to withhadpplyin order to increasprices. Economic

withholding occurs when a supplier raises its offer prices to levelsabvelle the expected

marginalcost to produce electricity. This has the effect of withholding energy from the market

that otherwise would have been economic to produce. Physical withholding occurs when a

supplier makesaresource unavailable. Eitherbtfe se str at egi es wi | | resu
other resources receiving a higher price because of the artificially decreased supply.

We examine the output gap metiicidentify potential economic withholding. The output ggap
the quantity of energy th& not produced by online resources even though the output would
earn the supplier profits. Our analysis shows that ii 202 output gap quantitieemained
very small, and only 22% of the hours in 2@Xhibited an output gap of any magnitude.

Regading potential physical withholding, we find tHadth large and smatharket participants
made more capacity availala averageluring periods of high demand in 208y minimizing
planned outages amdaximizing thegeneratioroffered from eachesource These results allow
us to conclude that the ERCOT market performed competitively ih. 202

However,during the second half of 202d.e notel that selfcommitment ofa particuladarge
supplier lagged previous trendsdwe concludel that thiswaslikelydue t o ERCOT6 s
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increased use of RUC and the high offer flesulting fromthose actionsA market rule
revision was proposed and pasbgdhe ERCOT stakeholdets address thissuel*

Demand for and Supply of Electricity

Changes in the demand for and supply of electricity accoumdasy of the trends imarket
outcomes. Therefore, vevaluateghese changes tissess he mar ket 6 s per f or man

Demand in 202

Total demand for electricity in 2A2increasedy roughly3% from 2@071 an increase of
approximatelyl,300MW per hour on averages the effects of the pandemic dissipated the
Texas economy continued to growhe Houston area saw3&% increase and th&/est Texas
region showed an increase®©2% on average The increase in the West zone is notable because
it follows a3% increase i202Q In recent yearil and natural gas production activity has been
the driver for growing demarid the West zonewhich slowedsomewhatn 2020because othe
effects of the pandemic and low oil prices.

Weather impacts on demand were mixed across all zones. We measure the impact weather has
on electricity use bguantifyingheating and coolingegree days the amount by whicthe
averagelaily temperatureareabove or below 65° FResidentiand commercial electricity use
increases quickly as the number of cooling degree days grows because of the demand for air
conditioning. In June, July and Augustpling degree daydecrease®%, 7%and11% from

2020in Houston DallasandAustin, respectively.

Peakhourly demand occurred ougust 24 2021, at 73,687MW, lower than the recordemand

of 74,820MW set in 2019° The level of peak demand is important becausariaffect the
probability and frequency of supply shortage conditiddewever, in recent years, peaé&tload
(demand minus renewable resource output) has been a more important determinant of supply
shatages. Supply shortage events are important in ERCOT because the very high prices during
these events play a key role in supporting investment and maintaining the generation in ERCOT.

Supply in 202

Approximately8,800 MWof new generation resources came online in 2021, the bulk of which
were intermittent renewable resourcd@$heremaining capacity was

14 NPRR1092Reduce RUC Offer Floor and Limit RU@pt-Out Provision was filed by the IMM and
approved by the Board o¥pril 27, 2022. As of May 3, 2022 ,the RUC offer floor was reduced to $250 per
MWh butthe RUC optout provision will become more limited its applicability once ERCOT completes
systen implementation.

1% https://www.ercot.com/files/docs/2021/11/09/DemandandEnergy2021.xIsx
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1 660 MW from combustion turbinges
1 70 MW from combined cycleand
1 820 MW ofESRs

ERCOT had roughly 1,800 MW of new ink¢al wind capacity and 2,50@W of new installed
solar capacity going into summer 2021 compared to summer 2020, with an effective peak
serving capacity totalingd,400 MV. Sixteen gasired projects, 36 wind projects and 26 solar
projects came online in 2Q. The 24 storage projects that came online in 2021 increased
ERCOTO6s st obyadaetor ofimep@macound § GW. There wet&2 MW of
retirements in 2021 150 MW wind and 22 MW gas.

These resourcehangeslong with changes in fuel pricesd to the following changes
electricity production in 20R

1 The percentage abtal generatiorsupplied by wind resourcesntinued to increade
more tharR4% of all annual generation.

1 The share of generation from coal was slightly highanin 2021, likelybecause rising
gasprices madecoal more economic than it was in 2020.

1 Natural gas generation decreased in 2021 from 46% in 2020 to less than 42%as 2021
natural gas prices rostarply

1 The amount of utilityscale solar capacity added in 2021 (3,600 li\the end of the
yeai was the largest amount of solar added to the ERCOT system in arspyfaar
bringing total installed capacity to nearly 9,600 MW.

One of the primary funains of the wholesale electricity market is to provide economic signals
that will facilitate the investment needed to maintain an adequate set of resources to satisfy the
sy st e moAlthonghmrices in 202 did produce revenues sufficient to support profitable
investment in new conventional resourdbss was primarily due twVinter Storm Uri These
revenuesre not likely to be expected fiature years

As described in more detail theFuture Needs of the ERCOT Marlssiction ERCOTadopted
a more conservativgosture with regartb operating the grich Juy 2021 ERCOTbegan
requiring additionabperational reserves and bringiagditionalgeneration onlineutside of the
market'® With this more conservative posture in ERCOT's operaamasthesignificant market
design changdseingcontemplated anginplementedwe expect significant changes in the
economic signals provided by the ERC@®arkets. Therefordt, will be crucial toclosely
observeand evaluatéhe market outcomes in 2022 and beyond since these changes have
implicatonsforadequacy of ERQGHeBnMtermr esour ces

16 https://www.ercot.com/news/release?id=5fef288t7-34d339eed3fc63e568c2
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ERCOTheads into the summer months of 20dth a calculatedeserve margin a23.9%,
notablyhigher than th&5.5%reserve margin fa2021, 12.6% foR020 and the 8.6% reserve
margin from 2019. Most of the increase is due to new soldmwindresourceswhich is a trend
expected ta@ontinuein the coming years

Review of Market Outcomesand Performance

ERCOT operates electricity markets in réale for energy (electricity output) arid the day

ahead timeframe for both energy arttillary services (mainlyperating reserves that can

produce energy in a short period of time). We discuss the prices and outcomes in each of these
markets below.

RealTime Energy Prices

Realtime energy prices are critical in ERCOT even though only a small share of the power is
actually transacted in the retine market (i.e., far more is transacted inE#&M or bilaterally).
This is because reéime prices are the principal driver of prices in M and forward

markets.

There are two primary drivers for market gscthe price of natural gas and the number of hours
of supply shortages during the yed¥e expect electricity prices twe correlated witmatural

gas pricesn a wellfunctioning markebecause fuel costs represent the majority of most

s u p p Imargirralpréduction costand natural gagnits are generallgn the margin in

ERCOT

In 2021, the average natural gas price \magher tharanyrecentyear Combined withthe

extreme winter event, iisg natural gas pricesausedeakttime energy price® averaggust

under $70perMWh. Removing the period diVinter Storm Uri revealsan average redime

energy price odbout$41 per MWh which is consistent with the natural gas prices that prevailed
in 2021 The following table shows the trend in pricesoughouteRCOTIn recentyears

Average Annual ReaiTime Energy Market Pricesby Zone

2021
($/MWh) 2014 2015 2016 2017 2018 2019 2020 2021 wj/o Uri
ERCOT $40.64 $26.77 $24.62 $28.25 $35.63 $47.06 $25.73 $167.88 $40.73
Houston $39.60 $26.91 $26.33 $31.81 $34.40 $45.45 $24.54 $129.24 $42.78
North $40.05 $26.36 $23.84 $25.67 $34.96 $46.77 $23.97 $206.39 $41.57
South $41.52 $27.18 $24.78 $29.38 $36.15 $47.44 $26.63 $187.47 $39.98
West $43.58 $26.83 $22.05 $24.52 $39.72 $50.77 $31.58 $105.27 $35.51
($/MMBtu)
Natural Gas $4.32 $257 $2.45 $2.98 $3.22 $247 $1.99 $7.30 $3.62
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This table shows that prices vary across the ERCOT market because of transmission congestion
that arises as power is deliveretoss the networlo consumer different locations The

pattern of zonagpricingin 2021 differed from the lastew of years with theHouston andVest

zones experienedthelowestloadweightedpricesbecause ofower loadlevels during Winter

Storm Uri When the effect of Winter Storm Uri is removélie West zone has the lowest prices
because of 1) thecompletion of certa transmission projects in the West zone that had caused
high prices in previous yearand2) thelarge amount oiocal wind and solar generatidhat

frequently causesxport constraintto bind out of the zone

As an energyonly market, ERCOT relies heavily on high rtahe prices during shortage

conditions to provide key economic signesthe development of new resources agténtion

of existing resourcesSupply shortages are priced based on the valoparhting reserves that
ERCOT can no longer hold because of the limited supply. This value is embodied in the
Operating Reserve Demand Curve (ORDC). When the system is in shortage, the relevant ORDC
value will set operating reserve prices and be includdde energy pricelhe frequency and

impacts of shortage pricing can vary substantially from-yegear For example heextreme
weatherevent in February 202&d toprices greater than $1,000 per MWHL®B6 hours in 2021
compared tonly 7 hoursm 2020. Additionally, in 2021 picesat or neathe systemwide offer

cap of $9,000n intervals totalingoughly 98hours?’

In reviewing the shortage pricing in ERCOT, it is important to note chatigaged by the
Commission irrecentyears In 2019and 2020, the Commission adjedthe ORDC curve to
accelerate thehortagepricing toward theVOLL (normally$9,000 per MWhat higher reserves
levels These2019 and 202@hangesncreasd coststo loadbut also providé incentivesto
maintain highepperating angblanning reseng& These changes were in pldosoughout2021,
includingduringWinter Storm Uri.

In the aftermath of Winter Storm Uri, ti@mmissiormade additional changesttte ORDC.
Effective January 1, 2022he Minimum Contingency Level (MCLyasincreased t@,000 MW
and theHCAP andVOLL werereduced from $9,000 per MWh $5,000perMWh.® These
changes will cause prices to rise mqueckly at small shortage levelsut plateau at a lower

o SeeReview of the ERCOT Scarcity Pricing MechaniBneject No. 51871(Jun. 24, 2021 )whenthe
Commission directed thalimination of the provision that tied the value of the LCAP to the natural gas price
index and replaced it with a provision that ensures resource entities are able to recover their actual marginal
costs when the LCAP is ieffect andReview of 25.50%°roject No. 52631(Dec. 2, 2021)which set the
high systerawide offer cap at $5,000er MWh effective Janary 1, 2022.

18 After a series of public work sessions and review of volumes of comments filed by market participant, the
Commission directed ERCOG address sherand longterm electric grid reliability concerns by enacting
major reformgseeReview of Wholesale ElemtMarket DesignProject No. 52378pending), at the
December 16, 202bpen meeting. Specifically, the Commission approved the blueprint for the design of
the wholesale electric market filed in the Project on December 6, 2021, including the ORBEschan
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maximum pricen deeper reserve shortagésThe effect of those changes will be examined in
next yearo6s report.

Day-Ahead and Ancillary Services Markets

TheDAM facilitatesfinancialtransactionso purchase oredl energyfor deivery the next day.
These transactions do not resulphysical obligationsrather,theyallow participants to manage
the risksrelatedto reaktime pricesand market outcome®ay-ahead prices averagetiS¥ per
MWh in 202L. This price closely aligns with prices from ttealtime market but does not
reflecttherisk premiumexhibitedin other years with tight conditions, such as 2019.

Ancillary servicesnclude operating reservésatarepurchasean behalf oconsumerso

provide resourcethatcan produce electricity quickly (or voluntarily reduce consumptidrgn

needed Awards for these productbligate the suppliers fghysicalsupply themn realtime.

These operating reserves helpensufeat ERCOT can continue to sat
when unexpected things happen, such as the loss of a large generator or transmisgtandse.

for ancillary services typically mirror the rise and fallre&ttime energyprices because

ancillary ®rvicespricesinclude the profits a suppliéorgoes by sellingncillary services rather

than energy Ancillary servicegosts rose sharply from $ier MWhof loadin 2020 to nearly

$30per MWhto 2021 This increase wadue to thenigh ancillary services costs during Winter

Storm Uriandthe increase in procuremeguantitiesin the latter half of 2021

Transmission Congestion

Congestion arisewhen more power is flowing overteansmissiorine than itis designed to
carry. Power flows overthe networkare almost entirely the result of where power is produced
and consumedWhen a transmission line is becoming overloaded, ERCOT will incur costs to
shift generation to higherost generators iotherlocations to reduce thgowerflows over tre
transmission line Hence congestiorpreventdoadfrom being served with the lowesbst
generators.

When transmissionongestioroccurs, the differences in costs of delivering electricity to
differentlocations will be reflectedintrener gy pri ces at each | ocati
network. These differences in nodal prices provide efficient economic signals for generators and
consumers to produce and consume electricity at different locations.

The ongestion costsollected by ERCORrebased on these differences in locational prices
these costequal the difference between the payments by loads at their locations and the

19 Subsequently, the Commission-ceupledvVOLL from the systenwide offer cap irProjectNo. 53191,

although the VOLL remains at $5,0p@r MWhfor the time being
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payments to generators at their locationsesBaosts accrue to those that hold the rights to the
transmissiorsystem known as Congestion Revenue Rights (CRRs), which are discussed below.

RealTime Congestion Costg.0 show the trends and fluctuations in congestion costs, the figure

below shows reaime congestion costs by month and region for 2021 and a csmpavith the

annual costs in 2019 and 202DLh e congesti on ctonge maketinfRO2EWRe@EOT 6 s
$2.1billion, up46% from 2020. This increaselargelyattributable tchigh levels of congestion

during Winter Storm Unwhich accounted for alost one third of all of the congestion costs in

2021. Highernaturalgas priceand generic transmission constraints (GT&s) contributed to

the increaseCongestiorcosts areorrelated with natural gas prices becaugldr gas prices

tend to increase the costs of the generators that are moved to manage transmission congestion

and serve customers in congested areas.

The figure below shows th#te South zone experienced tiighestcongestion costs in 2021,
which is a departure from prior yearshis is primarily attributable to congestion experienced in
Februaryduring to Winter Storm Uri when roughly 70% of the congestion occurred in the South
zone The West zonexhibited thesecondhighest congestion assult ofhigh renewable output
that is limited byGTCs

RealTime Transmission Congestion Costs in 202

$700 $2,100
B WEST
mSOUTH

$600 - $1,800
m NORTH
EHOUSTON

$500 B CROSS-ZONE - $1,500

$400

Real-Time Congestion Cost ($ Millions)
Annual Real-Time Congestion Cost (5 Millions)

$300 $900

$200 $600

$100 - $300
$0 $0

J F M A M J J A S O N D 19 20 21

Xiv | 2021 State of the Market Report



Executive Summary

Day-Ahead CongestionCostRar t i ci pant s 0 rea@timeeongestionisalso of t hi s
refl ect ed DAMipridceRRa@ddlitéomes he transmission congestion priced in the

DAM totaled $14 billion. Although this i$% higher tharR020, it is significantlylower than

the reattime congestion costsThisindicates that some of the congestion was not well predicted

by the DAM, which was particular true of the volatidengestion that occurred during Winter

Storm Uri

Congestion Revenue Righ®articipants can hedgengestioncostsin theDAM by purchaing
Congestion Revenue Rights (CRRERRs are economic property rights that entitle the holder

to the dayahead congestion revenues between two locations on the network. They are auctioned
by ERCOT in monthlhyand timeof-useblocks as much as three yg@ advance. The revenues
collected through the CRR auctiare given to loagerving entities to reduce the costs of paying

for the transmission systenCRR auction revenues have risen steadily as transmission

congestion has grown, totaling32 million in 202.

CRRauction revenues wetless than the total congestion cost2@21mainly because¢he
auctionprices werdessthe CRRswvere ultimately worth.This indicates that not all dfie
congestion was foreseen by the markduch of this unexpected congestion occudedng the
highly unusual conditions February2021. Other factorghatcontribute to the lower CRR
auction revenuescludethe fact thafl0% of thenetwork capaldity is not sold in the auctions

Generic Transmission ConstraintBinally, ERCOT operatorsicreasinglyneed to us&TCsto
limit the flow of electricityover certain portions of the transmission network. This has been
necessary to address concernareémgthe stability ofthetransmissiorsystem in those areas
These concerns have arisen in large part due to the increased outpuvéderbased
generation resources such as wind, solar, and battiesiedo not provide the same voltage
support 6 the system as conventional resources. Ultimately, tR&Sksincrease transmission
congestion and increase the total costs of serving customers in ERQ&dventing lowcost
power to be exported from these resources

Market ImprovementdJnderway

RealTime CeOptimization The most important improvement to the ERCOT markets over the
long term will be the implementation ofianges to the reéime marketo allow it to jointly
optimize the scheduling of resources to provide energyaaaitlary servicesn each dispatch
interval(also termed regimececo pt i mi z at i.olhis GCommissi®ap@aved project
was delayed in 2021 and is now on hold uatileast mieR023 due to resource constraints
caused by the market reform effodsscribed belov’ Implementatiorof RTC will

significantly improve theredl i me c oor di n adgene@tion and loa@9REWBST 0 S

20 ERCOTRTC Updateto TAC, January 31, 2022.
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reduceoverall production costs, dnmprove shortage pricing. These improvements will be key
to helping efficiently transition to a future with a different resource mix as additional soiat
and storageesources enter the ERCOT markéte encourage continued focus on this
important market improvement.

Market Reformg\fter Winter Storm Uri.Theresults of Winter Storm Uri raisesiignificant
concerns amonpgolicymakers in Texas and initiated a proaessonsider reforms address the
corcerns. After a series of public work sessions and volumes of comments filed by market
participans, theCommissiordirectedmajor reforms to the ERCOT wholesale electricity market
in PUC Project No. 5237Review of Wholesale Electric Market DesajrtheDecember 16,

2021, open meeting® Specifically, the Commission approved the blueprintésisions tathe
design of the wholesale electric market filed in the Project on December 6, 2021.

The blueprint compiles directives and concepts designedaomrehe ERCOT wholesale
electricity market presented in two phases. Phase | of the bluspiegcribed agroviding
enhancements to current wholesale market mechanisms to enhance ancillary services and
improve price signals and operational reliabili§hase Il of the blueprint incorporates lerg
term market desigand structureeforms.

Recommendations

We have identified opportunities for improvememthecurrentERCOT market anchake a
total of ninerecommendations belowrour arenew items to address inefficiencies or improve
incentives affecting market performarmed theremaining recommendatiomgere initially
raised inprior yearslt is not unexpected that recommendations carry over from yesns since
many of them require software changes that can take years to imptamequire updates the
Co mmi s SubsiamtivesRulesWe are also retiringvo recommendations fromast year
Readers can find those and the status of esmmmendtionin the Appendix

We continugo advocateamplementation oRTC asa top priority,becausét improves both

reliability and efficiency It will result in lowero v e r a | | costs of satisfyin
andancillary serviceneedswill more effectively manage congestion, result in fewer RUCs and
out-of-market actions, and reduce shortages in operating reserves.

The tablebelowshows the recommendationganized bycategory They are numbered to
indicate the year in which they were introduced and the recommendation number in that year.

2t SeeReview of Wholesalgelectric Market Design; Approval of Blueprint for Wholesale Electric Market

Design and Directives to ERCORroject No. 52373 pending.
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SOM Number Brief Description

New Recommendations to Improve Market Performance

20221 Eli minate trole fismall fisho
20212 Implement an uncertainty product
20213 Reevaluate net metering at certain sites

Additional Recommended Market Improvements from Prior Years

20203 Implement smaller load zones that recognize key transmission constraints
20204 Implement a Pointo-Point Obligation bid fee

20191 Exclude fixed costs from the mitigated offer caps

20192 Price ancillary services based on the shadow price of procuring each service
20151 Modify the allocation of transmission coststbgnsitioning away from the 4

Coincident Peak (CP) method.

New Recommendations to Improwarket Performance

20217 El i mi nat e t he fnAsmall fisho rule

Under thesocalledi s mal | fi sho rul e, generators with
ERCOT are deemed -wodet ommah &eFhe HisBiEDid this rule
shows thait originated in a market desigvhere high offers (offers significantly abotres

marginal cost of production) were required to produce high prices in shortage condsiioces.

the introduction of the nodal market, with the Power Balance Penalty Curve and the Operating
Reserve Demand Curvegonomic withholding by small participans nd required forefficient
shortage pricing In fact, it has led to inefficient pricing in some cases.

As an examplérom 2021, a particular thermal generation resource frequently submitted classic
i h o ckteiyc k 0 o f-time,iwkereia smalb pontian aflthe top of the offer was
economicallywi t hhel d at high prices t ha t-runamamginah ot
costs. Protected from market power abuse condsritsesmallfish market powerule, this
resourcenonethelessvasoccasionallypivotal and set theeaktime price higherthan $25Qer

MWh in 333SCEDintervals(approximately 28 hours) in021 Withholding should not be
allowedby pivotal suppliers Small entities can be pivotalhenconditions are tight market

wide orwhenthe entity is located in a constrained andere supply is tightThis is particularly

22 seel6 TACS§25.504(c).
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important during ramjgonstrained intervals in absenceR¥IC. | n t hese i nterval s,
ability to access competing resources can be extremely limiteekefore, the IMM
recommends removing this market power presumption.

2021271 Implement an uncertainty product

ERCOTregularlycommits resourcesutside of the market throughe RUC procesgo ensure

sufficient generatiowill be available to satislE RCOT6s stated reliability
of reserves plus an additional 1,000 M\Whofspinning reserven uncertain hoursin addition,

ERCOThas sought and obtainedl@angeo the non-spinning reserveequirements to

essentially make it a fodvour product{primarily impactingESR9.2® If these requirements were

reflected in dargetednarket product, prices would more efficiently reflect these requirements
Additionally, the market would schedule resources to satisfy tleegerements, reducing the

need foroutof-marketactiors by ERCOTO s 0 p and the assocsated uplift costs that must be

borne by Texas consumers.

As the levels ofenewablegeneration increasend ERCOTO0s conservative o]
these operational needs and-ofitnarket costs are likely to rise substalyi. Hence, we

recommend thdERCOTdevelop @AM capacity producto account for increasing uncertainty

associated with intermittent generation output, load, and other fadiois would be dwo- to
four-hourancillary service thatouldbe deployed when uncertainty results in tight-teae

conditions Such a producthould be captimized with the current energy and ancillary

services productandcouldbe deployed tbring onlinelonger leaetime units when ERCOT

detects operating aditions are departing from expected conditions

The figure below shows the net capacity charflgad minus supplylhat ERCOT faces on
average and in th@orsthours, both in the twbour ahead and fotvour ahead timeframeTl his
is intended to bélustratve and we have removdide highly unusuaperiod duringwinter
Storm Uri This figure shows that theorst hours, the net capacity change from two to four
hours ahead to the operatitnigpeframe can be substantial.

The markets should recognize and address this uncertainty, which can be accomplished by
implementinga well-defined producthat ERCOT can gqdoy to meettheseneeds. This product
would: 1) beless costly than holding excessive amounts eingtute reserve?) dlow co-
optimized producprices to more fully reflect thealueof managing uncertaintyand 3) reduce
out-of-market actions antthe costs associated with those actidnsthe longer termgnce an
uncertainty product is implemented, ERCOT can retimspinning reservand ECRS to their
previous duration requirements

23 See NPRR1096Require Sustained Twdour Capability for ECRS and Fotour Capability fa Non-Spin
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Net RealTime Capacity Changes
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2021-37 Reevaluate net metering at certain sites

The IMM agrees with the decision to implement nodal pricingCfmntrollable Load Resourse

(CLRs). However, we note that thehas beem proliferation of proposed net metering schemes
since adoption of NPRR94blet Metering Requirementhatdistorts thancentivesprovided by
thisdirective. Loads that can be turned on and off quickly, such as data centers and cryptomines,
should bencenedto be dispatchable in retine throughCLR patrticipationratherreducing

their consumptiono avoid transmission cost allocation and other load charges. Net metering
schemes shoul@t a minimumonly be allowed with affiliated entitiesThis wauld help support

price formation and provide better congestion management.

Therefore, he IMM recommends requiring CLRs to have their own meters, rather than allowing
net metering schemes amongst unaffiliated entities with meters at the point of indetmonn
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Additional Recommendetfarket Improvements from Prior Years
202037 Implement smaller load zones that recognize key transmission constraints

The four competitive load zones contain a large amount of load, particularly the North and South
zones relative to when they were defined in 200Bhis zonal configuration has not changed

even through many years of load growth and changing congestion pafteatsghly

aggregated load zondsstort the incentives of both pricesponsive demanahd active demand
responséo manage congestionThis is particularly noticeable in the South load zone where

there is significant congestion inside the zone, not just between it and other zones. Incenting
demand to respond to the load zone price oftekesthe local congestion worse.

As active demand response grows in the futiuee, (oad that can be controlled by the rdahe
marke}, transitionng to nodal pricing for thosactiveloadswill becomencreasinglybeneficial
for ERCOT and the markeagticipants** Beyond the active demand response, loitgen
demand decisions may be influenced by the zonal prices. Such decisioegheaglieve or
aggravate congestion patterns, but are unfortunately not informed hgdakprices.

Therefore, he IMM recommends that the load zone boundaries-egakiated and re
determined in future years (after the requiredfpemr waiting period), based on prevailing
congestion patterns. In particular, the new zones smomlidnize intra-zonal congestion.

202047 Implement a Point-to-Point Obligation bid fee

Over the lastew years there have been numerous delays in running and posting the results of
theDAM. These delays are disruptive to the market and create unnecessary risk for market
participants.ERCOT analysis of the cause points to a significant increase in bids foitgoint
point (PTP)obligations, a financiaransaction cleared in tHi2AM used to manage congestion
cost risk?® This is not a surprise because substantial increases in PERctians significantly
increase the complexity of the optimization and the time reqtoretie market softwart find

a solution.

Charging no fee for PTP bids, as ERCOT currently does, allows participants to subrarous

bids that are unlikely tolear and provide very little value to the market. Applying a small bid

fee to the PTP bids is consistent with cost causation principles and wouldvizegqudrticipants

to submitfewerbids that are more valuable and more likely clear. Because eweslldee

would likely reduce or eliminate the bids that are very unlikely to clear, this should substantially
eliminate the delays in tH2AM process. Hence, the IMM recommends that a small bid fee be
applied to DAM PTP Obligation bids to more efficierdljocate DAM softwareesources

pricing for controllable | oad resources is a g
S regressi on ham/awwescot.son/calandar/2021/1R25626 108FM\EGE.
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201917 Exclude fixed costsfrom the mitigated offer caps

In competitive markets, supplieoffer their resourceat prices equab their marginal costs (i.e.,

the incremental costs incurred to produce additional out@ffering at prices higher than this

| evel can only reduce a supplierdéds profits 1in
displaced by lowecost resourcesiowever, his is not true when a supplier has market power

and an increase in its offer price will raise the market prices and its profits.

To effectively mitigate market powgeplacement redime energy offers used by ERCOT

(such as mitigated offershould only include shorun marginal costs. Currentlhe mitigated

offer capincludes a multipliethat increasgthe offer priceas the unit runs morerhe operations

and rmaintenance portion of verifiable costiseady accounts for costs that increase as a unit runs
more so the multiplier is not reasonablehe exceptional fuel costs calculation during mitigation
also contains a multiplier that doest correspondtoarasa ¢c e 6 s mawhgn thesel costs
multipliers are includedAllowing generators with market power to raise pricesiis a

economically inefficientneans to achieve fixed cost recovesythe IMM recommends that

these two multipliers be removeddaosure that mitigated offer capeset at competitive levels

This will help ensure that the market outcomes in ERCOT are competitive, while allowing these
resources to recover fixed costs in the same manner as all other resources.

201927 Price ancillary services based on the shadow price of procuring each service.

Clearing prices should reflect the constraints that are used by ERCOT to pactilaey
services. However, this is not currently the
proaurement requirements for Responsive Reserve Service effectively limit the amount ef under
frequency relay response that can be purchasedrfooroontrollableload resources. Because

theselimits are not factored into the clearing prices, there is usaailyplus of relay response

offered into the market. However, the surplus does not drive clearing pricesadamme would

expect in a welfunctioning market Each year the surplus growgich isan indicator othe

inefficient pricing in this market

In addition,ERCOT will begin allowinghon-controllableloads to participate inonspinning

reservan 2022but will limit their total participation A new ancillary service, ERCOT

Contingency Reserve Servi(lECRS) will be implemented before 2025 and vélsocontain a

constraint on certain resources. Howeeach of these services will hazesingleclearingprice

for both the limited and unlimiteproviders Failure to include tbse constraing in the pricing of
thoseproducs will require that inefficient market rulemnd restrictions be imposed. Such
measures are not necessary when market partic
pricing. Therefore, he IMM recommends that the clearing price of ancillary services, both

current and futurdge based on all the constraints used to procersettvices.
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201517 Modify the allocation of transmission costs by transitioning away from thé-our
Coincident Peak (4CP) method.

The current methodf allocatingtransmission costthe 4CP methodioesnot apply

transmission costs equitablydt loads Additionally, it doesot forestall theneed to invest in

new transmissioas intended when this method was implemen@uairently, transmission costs

are all ocated bas ed-monuedamandaaath monyh@sine theough mum 15
Septembef® This method was approved in 1996 avakintended to allocate transmissioosts

to the drivers of transmission build.

However, customer demand during freaksummethoursis no longer the main driver of
transmission build in ERCOibday Decisions to build transmission are basaedransmission
congestion patterns throughout the year@amdnalysis of whether generation cardbkvered

to serve customsreliably. Additionally, the method ddllocatingthese costs providescast
avoidancesignal to noropt-in entities and trasmissionlevel customers, both of which can
artificially reduce their total customer demand in anticipation of a peak demand day to avoid
transmissiorcharges Hence the IMM continues toecommend thatansmission cost
allocationbe changetb better rélect thetrue drivers for new transmission.

26 16 Tex. Admin. Code §25.192. Transmission Service Rates
http://www.puc.texas.gov/agency/rulesnlaws/subrules/electric/25.192/25.192.pdf

xXii | 2021 State of the Market Report


http://www.puc.texas.gov/agency/rulesnlaws/subrules/electric/25.192/25.192.pdf

Future Needs of the ERCOT Market

I. FUTURE NEEDSOF THE ERCOT MARKET

The ERCOT market is currently experiencing major chaagésevolving needs, which are
driven by two primary factorsFirst, the generation mix is changing rapidb/the entry ofvind,
solar, energy storagand distributed generatidleet acceleratesThese new generation
technologiehave significantlydifferent operational characteristics th@mventional generatio
Changes to the market are necessargtegrate themeliably and efficiently into the system.

Second, ERCOT has adopted a vemypservative operating posture sincy 3021 The
conservative operating postuegjuirsmore operational reserveshieonlinein reattime. In
addition to being very costlyhis posturecanat timessuppresseattime prices and exacerbate

t he

market.

fimi ssi ng ?that car sodetipes eted By menerators in an enexyly

This section discusses theolving needs of the future ERCOT market stemming from these two
factors The current ERCOT market desiggquires the followinghangesat a minimumin
order to accommodate tlsbanges described above:

A. ERCOTO s

The

1
il
1

ImplementRTC as soon as possible;

Model state of charge (SOC) for ESRs;

Introduce an uncertaingncillary servicgproduct to increase the flexibility of the system
instead otrying to adaptcurrentancillary serviceproducs torequirementshey are not
well suited for(seeSOM recommendation 2022 above¢;

Address cost allocation issues, particularly transmission cost allo¢s¢iers OM
recommendation 2015 above)and

Develop a market construct to address the missing money that carprovided by an
energyonly market in which shortage conditions are not permissible.

Future

ERCOT mar ket

Supply Portfolio

A

0s supply

portfolio has chang

the current interconnection queue suggestsitiall continue to changeOver the pastwo
decads, a significant fractiorE R C O hdtwalgassteamand coal generation retiredleage
amount of combined cycle capacity was built, #relpenetration of wind resourcsteadiy
increased More reently, solar, battery energy storagand distributed generatidrave been
interconnectingt arapidpace We discuss the challengedated to these new classes of
resources in #subsections below.

27

This refers to the idea that prices for energy in electricity markets may hyotefléct the value of

invest ment

i n

t he

resources

needed to meet consumer S
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Renewable Resources

Over the last five yeard5 GWof wind, 10 GWof solar 1.5 GWof energy storageand1.5 GW

of gasfired capacitywasinstalled?® while 5.6 GW of coal and 0.9 GW of gsieamcapacity

retred® Looki ng forward, ERCOTO6s current intercon
1,000 ative projects totaling over 200 G®and most of this capacity is wind, solar, and

storage.Not all of these projects wibebuilt, but d the 31 GW of projects with a completed
interconnection study and interconnection agreement, 18 GW are solar a8eGwvihd, 4 GW

are energy storage, and only 1.5 GWraaturalgasfired resourcesThe increase in intermittent

wind and solar generation will raisew operational demantizat are discussed below

Increasing Ramp Demand€ne of the new demands israichsteepeand more uncertainet

load ramp Net load isdefined aghe system load minus the output of intermittemewable

resourceshat must be served by dispatchable resourdéée prediction of the future shape of

this curveonce a large quantity of solar has entdrtedls been referred to as |
i n Texdeadar mhdi h |This auruemdicatesdhat conventional resources will have

to ramp rapidly each evening as the sun goes down asdokthe r esour cesd out put
Similarly, shifting weather patterns can cause wind output to fall rapidiythe timing of these

decreases can be difficult to predict.

Thiswillr equi r e E RC O Tuilliz flexipledispatclmblesresdoum@saccommodate
thesesharp and uncertaramp demandsin addition toexisting and new flexible natural gas
resources, ERCOT will likely need to rely more heavily on

1 Demandside resources can respond to higher prices during the ramp by reducing their
corsumption if the value of the energy exceeds their value of consumarglit

1 Energy storagbasthe capability tgoroduce energy verguickly when cployed,as well
as stoing energy wherintermittent output is high

The evolution of the market designwalll s o i mprove ERCOTO6s ability
operational challengeg-or example, anulti-interval realtime market (MIRTM)will be

increasingly valuable. Hllows the market software to anticipate and addeasping needs in

future intervals by prositioning the system for those needs. ERCOT and stakeholders

evaluated a MIRTMn 2016 finding thatthe benefits of a MIRTM were insufficient to justify its
implementation costs at the time of the study,rmtingt h gcthanges in the future resource

mix, the balance of supply and demand or systenditions could demonstrate more significant

28 https://www.ercot.corfiles/docs/2022/03/07/Capacity Changes by Fuel Type Charts February 2022.xlsx

29 https://www.ercot.com/files/docs/2021/12/29/CapacityDemandaratResReport December2021.xlsx

30 ERCOT Generation Interconnection Study Report, February 2022.
https://www.ercot.com/misdownload/servilets/mirDownload?mimic_duns=000000000&doclookupld=825830
714
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value to MIRTM&®! As the penetration of intermittent resources incredBesyperational
benefits of aVIRTM will increase because it withprovethe utilization of the dispatchable
fleet tomanage the net load ramps.

Increasing Supply UncertaintyAs noted above, the growth intermittent resourcesnd

distributed generatiowill increasesupply uncertainty As shown inFigurel1 below, thermal

generation trips, load forecast errors, and wind and solar forecast errors all contribute to the net
uncertainty faced by the market operatdhe growth in wind and solar, coupledth increasing

amouns of distributed generation that is not dispatched by ERG@IT significantlyincrease

the uncertainty that ERCOT face$his uncertaintyignificantlya f f ect s bot h ERCOT®
planning and operations.

Figure 1. Net RealTime Capacity Changes

ElNet Capacity Change
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In reattime operations, RTOs manage this uncertainty by committing additional resources
outside of the market to have sufficient dispatch flexibtlitynanagehis uncertainty To allow
the markets manage and prices thncertainty, weecommend thaERCOT createa two- to four-
hour uncertainty productThis product was previously discussed in SOM recommendation
20212 as well as in PUC Project No. 523Rview of Wholesale Electric Market Destgn

sl https://interchange.puc.texas.gov/Documents/41837 9 935430.PDF

82 Review ofVholesale Electric Market DesigRroject No. 52373, IMM Proposals a7§Oct. 15, 2021)
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Althoughthe figure is illustrative andot intendedndicate thesizeof the serviceit shows that
ERCOT facesubstantialincertaintyfrom multiple sources thetwo to four-hourahead
timeframe. The recommended product woudcbcure and price resoucthat ERCOT can
utilize when the uncertaintgsults intight supplydemand conditions or high ramp demands.

Increasing Generic Transmission Constrainénother challenge broughboutby the increase
in inverterbased generation (including wind, solar, and energy storage) is the increased
prevalencef GTCs. The flows over most transmission facilities are limited by thérma
limitationsbecause increased flows increase the temperaittine facilities. GTCare not
typical thermals constrainend areused to limit overall flows over a path to maintain the
stability of the system. Thegreharderto manage than thermal constraiatel aresometimes
not well known prior to comrtting a resource

GTCshave increased significantly over the last few years with the expansion of ifvesest
generationwith congestion on these constraints growing f&¥80 million inreakttime
congestion ir2020to $400 million in 2021 NPRR1070QPlanning Criteria for GTC Exit
Solutionsis currentlypending, ad the Gmmission rulemaking to implement SB12&is
recently been opendd improve economic transmission planning critéfia hesetwo items
should helpdevelop solutions to the proliferatioh GTCs.

System InertiaA final challengeassociated with thproliferation of invertedbased generatias

that of maintaining sufficierdysteminertia System mertianeeded to maintain frequency within
acceptable bounashen large generators, loads, or large DC ties trip offlinertia is provided

by online generators that are synchronously connected to thevbrah is not generally true of
inverterbased resoues Al ternatively, with very fast col
possible from invertebased resources even loadsERCOT has studied inertia previouslyd

has procedures in place to ensure sufficient inertia is maint¥irnddwever,ineitia should fall

asa larger share of the load is servedaigd, solar, andESRs It may be beneficial in the future

to supplement the markets compensateesourcesor providinginertaas ERCOT has
previouslydiscussed®

Energy Storage

It is importart for ERCOT to improve upon its current modeling of ESRs to enable these

resources to offer their fuMalueto grid reliability and the market. n t he current dfAdu
or 0 c o mb, the load ahe demeration sides of an ESR are modeled as separate,

i ndependent devi ces. T h e d ueftivarecepabibtiesbdt i t s  wi t

33 Review of ChapteR5.101 Project No. 53403\ar. 19, 2022).
34 https://www.ercot.com/calemd/event?id=1520373953460

35 http://www.ercot.com/content/wcm/key documents_lists/55752/Proposal_for_Synchronous_Inertial_
Response_3eice_Market March112015.docx
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has significanmodelinglimitations including the inability tanodel the state of charge (SOC) of
the ESR.ERCOT has made substantial progress towards modeling &3Rsngledevicewith

the approval of NPRRs989- BESTF1 Energy Storage Resource Technical Requirements
1002- BESTF5 Energy Storage Resource Single Model Registration and Charging Ressrictio
in Emergency Conditionand 1026 BESTF7 SelfLimiting Facilities Unfortunately,
implementation of these changes is currently on hold due to constraints on implementation
resources. Howeveeyen with tlese improvementadditional enhancements areeded to
fully model E S R s § inaludingopastamportardlymgplenteetingmasiging of s
the SOC of ESRs

Modeling the SOGn the DAM andRUC processsor reattime market will become critical as
ESRs become a substantial fraction of the flddbdeling the SOC of ESRs, in conjunction with
RTC,is necessary tallow ESRs tgrovidetheir full valueto grid reliability, flexibility, and
economics.

Distributed Resources

ERCOT isalsocurrentlyaddressing sues related tdistributed resourcesThere are currently
over 1,300 MW of unregisterddGRsin ERCOT, and an unknown number of potential but
unregistered controllable load resourd®J heseamountsareincreasing yearly ERCOT is
activelygrappling with visibility and uncertainty around these resourtegy aregenerally
locatedon the distribution systengnd therefore present challenges associated with modeling
their location, behavior, and marketrpcipation. The challenges presented by distributed
resources include

1 Operationalisibility: The location andutput ofdistributed resourcamaynot becertain
in the realtime market, leading tpotentialchallenges managing network congestion and
balancingthe system

1 Operationatontrol: Most DGRsare not dispatchable by ERC@n a fiveminute basis.

1 Economicincentives: To the extent thdistributed resourcesre affected by retail
programs or rates,volesale market rules and settlements may result in inefficient
incentives to operate the resouroesefficient celocation schemesThis is particularly
true regarthg costsdistributed on a loadatio share basis, such as ancillaeyviceand
transmssion cost allocations.

We encourage ERCOT to develoyarket rules and operating procedures that address these
challenges. The most immediate concern in this are relabehiod the meter demand response
resources.Loads that can be turned on andaffckly, such as data centers and crygiorency
mines,are increasingly locating in Texas. These types of lshdsld be incentivized teegister

36 Unregistered DG Installed Capacity Quarterly Repontits://www.ercot.com/services/rg/re/dgresource
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with ERCOT ande dispatchable in reéime rather than simply providingassive demand
response in ordeo avoid transmission cost allocation and other load charyesliscussed
above in SOM recommendation 2015the transmission costlocation method currently used
provides incentives fahese largéoadsto behave in ways that do not necessarily tatethe
construction of new transmission equipment and that do not apply costs equita®M
recommendation 2023 above, weecommend requiringontrollable load resourcés have
their own meters, rather than allowing net metering schemes amaoadfgiated entities with
meters at the point of interconnection.

B.ERCOT6s New Ogstereati onal

After the events oWVinter Storm Uri, the Texas Legislaturthe Commissionand stakeholders
have been engaged in a processwaluatingchangs tothe ERCOT market design. Hidad
and high levels of thermal generation outaigeshe periodof June 1315, 2021 caused ERCOT
to issue gublic conservation appeal on June*4Previousconservation appealgere
considered routindhowever this conservation appeal raispdblic concermegardingthe state
of ERCOT grid. This ledERCOTto decide taadopt a more conservatieperatingposture by
requiringadditionaloperatingreserve to be available in redlme.*® Since July 2021, ERCOT
has

1 Increasedonspinning reserveequirements such that that the total of upwaing
ancillary servicesexcluding those provided by laadn highset undeiffrequency relays,
equals 6,500 MW on a typical day and a 7,500 MW on 88GOTdeemsgo have high
load uncertaintysuch aghose with rapidly changingeather events

1 Used RUC more routinely to ensure that there is 6,500 MW (or 7,500 MW) of
dispatchable reserves imtdime. ERCOTpreviouslytargeted lower reserve levels in
the range of 3,608,700 MW,

1 Issued RUC instructions earlier in the operating daymitting more longelead time
resources as well as relyitgss ormarket participantesponseand

1 Adjusted selection of forecast to more frequently rely on the highest load forecast and the
lowest wind and soldorecasts.

The results ofhe changes, in combination with the 2022 ORDC adjustii@ng that the
pricing outcomeshavegrowndisconnectedrbm the actual operational conditioriBhis is
discussed in more detail in the RUC section of iyort This is problematic becaudeet

87 https://www.ercot.com/news/release?id=97403%®-31ab8d0a2a8421292239
38 https://www.ercot.com/files/docs/2021/06/30/ERCOT _Addtional_Operational_Reserves _06302021.pptx

39 Effective January 1, 2022, the Minimum Contingency Level (MCL) was set at 3,000 MW and the high
systemwide offer cap (HCAP) and valud lmst load (VOLL) were set to $5,000 per MWh.
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energyonly market design relies on efficient pricing that reflects the reliability needs of the
system. In additin, this can increase risk for market participdfERCOT overcommits the
system;and renders generation. owner 6s decisions u

Procuring additionahonspinning reservalso increases the costs paid by loAtthough this
additional procuament mayincrease reliability in some hours, the potential reliability benefits
are difficult to justify based othe costsparticularly since the additional procuremerdapplied

to all hoursregardless of reliability needAs illustrated irFigure2 below, we estimate that the
combined cosincreaseof thehigherprocurement is in the range of $3000 million for the
period of July 12 to December 31, 2091This is based on our analysis of the effect of the
increased procuremeah non-spinning resem prices and quantities, as well as the secondary
effects on other ancillary service prices.

Figure 2: Non-Spin Cost Impactin 2021
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While we continue tdelievethat an energpnly market can be successful and adapt to

changing system needs, it i sonservativogemtoplat i bl e w
posture The distortion i nwtléhiemmar&ketgdsnecanomsd
revenues, whichltimatelywi I I t hr eaten ERCOTO6s resource ade

40 Due to the infeasibility of rerunning ti2AM cases to determine price adjustments, our analysis estimates

this cost based on historical pricing and modeling the range of impacts of the changes.
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To address these concerns, we recommeadailowing

1 Develop the uncertainty produced described earlier in the sectionilihgtow the
marketsta ef | ect ERCOTO6s operating posture.

1 Consider adoptg a form of capacity procurement tlaatgmers the economic signals
provided by the energgnly market and ensws¢éhe adequacy FRCOT0 S r esour ces
over the long term.

ERCOT should avoid piecemeal approathat providesargeted payments taarrowly defined
categories of resourcegenimplementing any form of capacity procuremeAtkey

component to any capacity proposal is defining a reliability standard. These discussions are
currently underway at the Commission as paitsd?hase Il marketdesign and structure reforms
approach.
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Review of RealTime Market Outcomes

I1. REVIEW OF REAL-TIME MARKET OUTCOMES

The performance of the refaine market in ERCOT is essential becatls¢ market

1 Coordinates the dispatch of generating resources to serve ERCOT loads and manage
flows over the transmission network; and

1 Establishes redlme prices that efficiently reftd the marginal value of energy and
ancillary services throughout ERCOT.

The first function of the reagime market ensures reliability in ERCOT with #ieultaneous
objective of minimizing the systemob6spopganoduct.i
because redime prices provide key shetgrm incentives to commit resources and follow
ERCOTO6s dispatch indterunct increntiaeswdlhlatagolven
investment and retirement decisions.

Realtime prices have implicatis far beyond the settlements in thetéak market. Only a

small share of the power produced in ERCOT is transacted in thigmmeaharket. However,
reattime energy prices set the expectations for prices iDAM and bilateral forward markets
andare, therefore, the principal driver of prices in these markets where most transactions occur.
Because of the interaction between +t@alke and all forward prices, the importance of +taake

prices to overall market performance is much greater than imgginferred from the proportion

of energy actually paying retime prices. This section evaluates and summarizes electricity
prices in the redime market during 221.

A. RealTime Market Prices

The first analysi®f the realtime marketevaluates the tat cost of supplying energy to serve

load in the ERCOT wholesale market. In addition to the costs of energy, loads incur costs
associated with ancillary services and a variety ofmanketbased expenses referred to as

Aupl Figue3sthows t he-iaawwerpage el alfl el ectriaki ty for
these costs and is a measure of the total cost of serving load in ERCOT on a per MWh basi

The altin price metric includes the loagleighted average of the re@he market prices from all

zones, as well as ancillary services costs and uplift costs divided Hymedbad to showeosts

on a per MW/of loadbasis™

ERCOT realtime pricescurrentlyinclude the effects of two energy price adders that are
designed to improve reéime energy pricing when conditions warrant or when ERCOT takes

4l For this analysi$ pliftoincludes: Reliability Deployment Adder Imbalance Settlement, Operating Reserve

Demand Curve (ORDC) Adder Imbalance Settlement, Revenue Neutrality Total, Emergency Energy
Charges, Base Point Deviation Payments, Emergency Respensee (ERS) Settlement, Black Start
Service Settlement, and th®@EOT System Administrative Fee

2021 State of the Market Report| 9
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out-of-market actions for reliability. Although published energy prices dehhe effects of
both addersherewe show theORDC alder (operating reserve adder) and the Reliability
Deployment Price Adder (reliability adder) separately frombmeenergy price. The operating
reserve adder was implemented in +8@il4 to accountofr the value of reserves based on the
probability of reserves falling below ti¥CL andVOLL. Taken together, an estimate of the
economic value of increasingly low reseruegach interval in regime canbe included in
prices The reliability adder waiimplemented in June 2015 as a mechanisemsare that
certain reliability deployments do not distort the energy pfites.

In Figure3 andFigure4 below, the effects of Winter Storm Uri on the averageralprice for
electricity in ER@T are examined by showirige 2021 pricesvith the storm andwithout the
storm.

Figure 3: Average All-in Costfor Electricity in ERCOT (with Uri)
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42 The reliability adder is calculated by separately running the dispatch softwanmedtficationsto the inputs

to reflectany RUG, deployed load capéy, or certain other reliability actiondVhen the recalculated
system lambda (average load price) is higher than the initial system lambdidfettenceis the adder.
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Because of the overwhelming effects of Winter Storm Uri on energy priedargest

component of the alh pricein 2021 was the reliability adder, unlike previous years vthen

energy costwas the largest componenthecorrelation between the gas price andehergy

price in thefigure aboveindicates that natural gas pricgere aprimary driver of energy prices

in most monthsincludingin February during the stornilhis correlation is expected in a well
functioning, competitive market because fuel
marginal production costs. Because suppliers in a competitive market have an incentive to offer
supply at marginal costnd natural gas is the masidely useduel in ERCOT, changes in

natural gas prices typically should translate to comparable changes in offer phiesan be

seen more clearly iRigure4 below, showing the correlation between theialenergy price and

the natural gas price throughout the year with the severe effastmter Storm Uri removed

from the analysis.

Average reatime prices rose to $167.88 per MWh in 20&1fbre than 6 times higher than in

2020, due almost entirely to the effects of Winter Storm Uri. The last time ERCOT experienced
shortage pricingin August and September of 20118, magnitude and duration were much lower
thanexperiencedluring Winter Storm Uri

The extreme increase in shortage pricing was acutely reflectedhigtiexcontributions from
ERCOTO6s ener gy pr i c eonatledmerating resgrée.adder amqu almostMWh  f r
$80.00 per MWh from the reliability adder. Both valuesraueh higher than th2020 values:

$2.35 per MWh for the operating reserve adder and $0.01 per MWh for the reliability @tider.

adders in 2021 are discussed in greater det&libsectiorF below.

Despite firm loadshed across the system during the stomargy pricesvereclearing at less
than $9,00er MWh whichwas the systemwide offer capat the timepursuant to 16 TAC §
25.505(g)(6)(B) Energy pricesigpedas low as approximately $1,2pér MWh on February
16, 2021. In response, the Commission direElRE€OT toaccount foffirm load shed in EEA3
from the time of inBERCOTCssocaniypreingsignds or der |,

Due totheexceptionally high natural gas pricélse Commission suspended use of the low
systemwide offer cap I(CAP) during Winter Storm Urt* Because LCAP wasalculated as "50
times the natural gas price index valueyduld likely haveexcee@dthe high sysemwide

offer cap HCAP) of $9,000 per MWh and $9,000 per MW per honderl6 TAC §

25.505(g)(6) an outcome contrary to the purpose of the rule, which was to protect consumers
from substantially high prices in years with substantial generator reve8uspension of LCAP

43 SeeCalendar Year 2021 0Open Meeting Agenda Items without an Associated CoRmgect No. 51617,
Second Order Directing ERCOT T@keAction and Granting Exception to Commission Rules & (Feb.
16, 2021).

44 Id. at 2.
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was terminated on March 3, 2021, once the natural gas price index had stabilized and the LCAP
was no longer expected to exceed the HCAP, and the CommilistotedERCOT to resume
application of the LCAP when administering the scangiiging mechanism as provided by
Commission ruld®

When the effects of Winter Storm Uri are removed from the analysis, as sletowin Figure

4, average redime prices rose b§8% (to $10.73per MWh) in 2021 compared to 2020, driven
by higher natural gas prices throughout the y&#e energy price addeirs 2021withoutthe
effects of Winter Storm Uiincreasedlightly from2020valuesi $0.55 per MWh for the
operating reserve adder and ADper MWh for the reliability adder in 2021.

Figure 4. Average All-in Costfor Electricity i n ERCOT (without Uri)
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Othercost categories of the afi electricity pricewere similarly altered by Winter Storm Uds
shown inFigure5 below. Ancillary services costs wer@%$59 per MWhof loadin 2021, up
from $1.00per MWh in 2@0, discussed in more detail iim SectionlV: Day-Ahead Market

45 Issues Related to the State of Disafteithe February 202 1 Winter Weather EvéPripject No. 5182,
Order Reinstating Low SystelVide Offer Cap at 2 (Mar. 3,2021).
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Performance Uplift costs accounted fo5$4 per MWh of the alin eledricity price in 202,

up from $094 per MWh in 2@0. The total amount of uplifted costs in 20Ras approximately
$2.1 hllion, vastly higher than th$359 million in 2020. The largest driver of this massive uplift
value isthe ancillary service imbalae settlementThere are mangthercosts included as

uplift, but the largest components are the ERCOT system administrative f&ar{ii&in or

$055 per MWh), Emergency Response Service (ERS) program c@&snfion or $0.09 per
MWh) and the reatime revenue neutrality allocation (RENA), which totalesk thar$l

million or less thar$0.01 per MWh in 202. Thedramatic decrease in RENA, downrité75
million in 2021, is attributable to high negative RENA durignter StormUri.

Figure 5. All-in Electricity Costsin 2021 (with Uri)
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As show inFigure6 below, ancillary services costs without tperiodof Winter Storm Uri
would have been $6.00 per MWh in 2021, up from $1.00 per MWh in ZDRiBwasstill a
large increasand was driven bizigh ancillary servicegrices that persisted for several days
after Winter Storm Uri, and to a lesser extentatiditionalancillary servicegjuantities that
ERCOT purchased during the second half of the yEalift costs would have accounted for
$0.91 per MWh of the alh electricity price in2021, abouthe same as in 2020 ($0.94). The
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total amount of upliftedosts in 2021 would have been approximately $356 million, in line with
the $338 million in 2019 and $359 million in 2020.

Figure 6: All in Prices 2021 (without Uri)
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Realtime energy prices vary substantially by time of deigure7 shows the2021 load
weighted average retime prices in ERCOT in eachrinute interval during the summer
months from May through Septembehen pricesare typicallythe highest. It also s in red
the average change in therbnute prices in each intervahverage changes aneostlyrandom
and generally driven by changes in load or supplgtethatprices in the peak load hours were
actuallylower in 202 than in 2@0, and higher imll other hours This wadikely attributable to
demand alterations the earlier part of the yeaaused by the Cowviil9 pandemias well as a
cooler summer weathand higher solar output during peak

For additional analysis dbadweighted averagesattime prices in ERCOT for the categories of
Peak and OfPeak for each month in 202seefFigure Al in the Appendix.
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Figure 7: Prices by Time of Day
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To better observe the effect of the highgsted hours on the average riate energy price,

Figure8 shows the frequency of price spikes in 8821 reattime energy market. For this

analysis, price spikes are definedl&minuteintervals when the loadeighted average energy

price is greater than 1MMBtu per MWh multiplied by the prevailingatural gas pricé.e., a

heat rate of 18 Prices at this level typically exceed the marginal costs of virtually dlhen
generators As with many market outcomes in 2021, this analysis is once again dominated by the
events of February 2021 and WanStorm Uri.

Price spikes were less frequent in 2021 compared toia(Q24rt due to higher gas prices and in
part due to ERCOTO6s c o buswenrfaranbre corsequeptialorapride n a |
because of the largaragnitude of prices during Mter Storm Urias well as much higher

averagegas prices (above $7.00/MMBtthroughout the yearWith average gas prices so high
throughout the year, energy prices have a much stronger correlation with heat rate as the other
components of operations andhintenance costs become less impactful. This is typical in

energy markets. The overall impact of price spikes il 2085 $123.45 per MWh, or 7486

the total average price.
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Figure 8: Average RealTime Energy Price Spikes
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B. Zonal Average Energy Prices ir2021

Energy prices vary across the ERCOT market because of congestion costs that are incurred as
power is delivered over the networkablel provides the annual loadeighted average price

for each zonas well aghe annual average natural gas pfarethe passevenyears plus an
additionalcolumncontaining2021without Winter Storm Uri(February 1319, 2021)

Table 1. Average Annual RealTime Energy Market Prices by Zone

2021
($/MWh) 2014 2015 2016 2017 2018 2019 2020 2021 w/o Uri
ERCOT $40.64 $26.77 $24.62 $28.25 $35.63 $47.06 $25.73 $167.88 $40.73
Houston $39.60 $26.91 $26.33 $31.81 $34.40 $45.45 $24.54 $129.24 $42.78
North $40.05 $26.36 $23.84 $25.67 $34.96 $46.77 $23.97 $206.39 $41.57
South $41.52 $27.18 $24.78 $29.38 $36.15 $47.44 $26.63 $187.47 $39.98
West $43.58 $26.83 $22.05 $24.52 $39.72 $50.77 $31.58 $105.27 $35.51
($/MMBtu)
Natural Gas $4.32 $257 $245 $2.98 $3.22 $2.47 $199 $7.30 $3.62
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Like Figure3, Tablel shows the historically close correlation between the averagémeal

energy price in ERCOT and the average natural gas price, including ZBalrelationship is
consistent with competitive expectations in ERCOT where natural gas generators predominate
and set prices in most hour§he average natural gas price was higher in 2021 than it has been
in many years, and average raale energy gces reflect that. For additional analysis on

ERCOT average rediime energy prices as compared to the average natural gas prices, see
Figure A2 in the Appendix.

Tablel also shows that thelative prices of the four zoness differenin 2021 compared to
previous yegragain due to Winter Storm UrThetable contains loaweighted averages, aiad
shown inFigure9, theNorth zoneand South zonkad higher load valudgban their yearly
averages during Winter Stordri while the Houston and West zortead the oppositeso the
extreme high prices during Winters Storm Uri influenced the annual agestfee North and
South zones more than the Houston and West zoith the effects of Uri removedie¢
Houstonzone had the higheatverageprice, due tomultiple localized reatime transmission
constraints irthe area For additionalanalysison monthly loadwveighted average prices in the
four geographic ERCOT zones durip@2l, seeFigure A3 in the Appendix.

Figure 9: Average Load by Load Zone
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More details about transmission constrathetinfluencedzonal energy prices are provided in
SectionV. That section also discusses Congediienenue Right (CRR) auction revenue
distributions, which affect the ultimate costs of serving customers in each Zonadditional

analysis of the effect of CRR auction revenues on the total cost to serve load borne by a QSE, see
Figure A5 in the Appendix.

To examine the variatiomore closelyn zonal reatime energy pricessigure10 shows the top
10%and bottom 10% of the duration curves of hourly average priceinf@0the four zones.
Compared to the other zones, both low and high prices in the West zone wezahhytic

different in 2@1, continuing a pattern seen in 2020he lowest prices in the West zone were
much lower than the lowest prices in the other zones and the highest prices in the West zone
were alsaenerallyhigher than high prices in the other zan@$e differences on both ends of
the curves can be explained by the effects of transmission congestion. Constraints limiting the
export of lowpriced wind and solar generation to the rest of the state explain low prices,
whereas localized constraintsilting the flow of electricity to thencreasingil and gas loads in
the West explain the higher prices, typically in times where wind and solar energy resource
output is low.

Figure 10: Zonal Price Duration Curves
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For additional analysis of price duration curves,Egeare A6 andFigure A8in the Appendix.
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C. Evaluation of the Revenue Neutrality Allocation Uplift

As shown in the alin price analysis above, uplift costereasedubstantiallyin 2021
However, his was notlue tohigherRevenue Neutrality Allocation UplifRENA, further
described belowwhichdecreasedn 2021 toless than $1 milliorfless thar$0.01 per MWh),
down from$75 million ($0.20per MWh)in 2020(RENA would be about%/ million in 2021
but for the effects ofFebruary representing what would otherwise be a drop48t from 2020)
We evaluate the drivers of RENA in this subsection.

In general, RENA uplift occurs when there are certain differences in power flow modeling
between the daghead and redime markets. These factors include:

1 Transmission network modeling inconsistencies betvwleeday-ahead and redaime
market (Model Differences);

1 Differences between the load distribution factors used irati@ad and thectual real
time load distribution (LDF Contribution);

Day-ahead Pointo-Point (PTP) obligations linked to optidfisettiement¢CRR Uplift);

1 Extra congestion rent that accrued when-tisaé transmission constraints were violated
(Overflow Credit); and

1 Other factors,ricludingtheprice floor in the reatime market at$251 per MWh (Other).

Figurell provides an analysis of RENA uplift in 20 separately showing the components of
RENA on a monthly basisvith the effects of Winter Storm Uri includedNet negative uplift
represents an ovdrgayment to load.

Almost all the RENA uplift occurred in market hours when there was transmission congestion.
The largest positive contributor to RENA uplift in 2021 wlesLDF Contribution, contributing
$120 million. The next largepbsitive contributor was CRR Uplift, related to NOIE PTP
Options. Uplift from the contributions of transmission model differences betweeshéay and
reattime, described as Model Differences, was mostly negative ih, 20th the most notable
contributon in February during Winter Storm Uri. The negative and positive uplift almost
completely offset each other over the course of the year, leaving less than $1limiikbn
overallRENA.

46 A Pointto-Point obligation linledto an option (PTPLO) is a type of CRR that entitles a-@@tIn Entity's
(NOIE's) PTPObligation in the DAM to reflect the NOIE's PTP Option that it acquired in the CRR auction
or allocation. Qualified PTIFOs aremodeled as obligatiortsut settled as if they wereptions
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Figure 11: ERCOT RENA Analysis (with Uri)
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Figurel2 belowprovides an analysis of RENA uplift in 2021, separately showing the
components of RENA on aanthly basiswithout the effects of Winter Storm Uri included

Under thisanalysis, the largest contributors to RENA uplift in 2021 were due to oversold
amounts in th®AM, contributing $66 million, and model differences, contributing $34 million.
These uplift costs were partially offset by $15 million in negative uplift releteverflow

credits when the shadow price reached the shadow price cap for a transmission constraint, and
other negative uplift of $21 million.

Figurel2 also showshat RENA uplift from the settlement &AM PTP obligations linked to
options, described as CRR Uplift, was relatively high in March, and the uplift from transmission
modelling differences was high in October and November.
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Figure 12 ERCOT RENA Analysis (without Uri)
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The task of maintaining accurate and consistent load distribution factors across all markets is a
difficult one, made moreoin areas with large amounts of localized load growth. These are
exactly the types dreas that draw higher levels of market interest. To the extent ERCOT is
unable to predict accurate load distribution factors across all markets, RENA impacts will
persist NPRR1004)] oad Distribution Factor Process Updai@pproved on August 11, 2020)

is still pending an implementation date abuldhelp reduce this uplift.

D. RealTime Prices Adjusted for Fuel Price Changes

Although realtime electricity prices are driven largely by changes in natural gas prices, they are

also influenced by other facgr To summarize the changes in energy price that were related to

t hese ot her f maginalresat arnatfied ompilsi ecda| etiméemdrgyd by
price by the natural gas pric€igurel3andFigurel4 show the implied marginal heat rates

monthlyin each of the ERCOT zonesth and without the effects of Winter Storm UiThis

figure is the fuel pricedjusted versiaof Figure A3 and A4in the Appendix
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Figure 13: Monthly Average Implied Heat Rates(with Uri)
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Figure 14: Monthly Average Implied Heat Rates(without Uri)
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The implied heat rate varied substantially among zones in 2021, particularly in February as
extreme cold weather led to high load levels and prices. Transmission congestion
differences in load leveldrove zonal differences, particularly for the Haustind West zones in
February and April 20210verall, average implied heat rates were as expected for a year with
periods of extreme operating reserve shortages in Februangiamdal reserve shortages during
the summer

The implied heat ratis mostlylower than 202@vhen the effects of the extreme cold weather of
February are removed from the analysispecially during the second half of the yelmis can

be attributable to more coal output due to the high natural gas prices, as wekfésctiod
moreconservative operations in the lattelf of the year

Figurel5 showshow the implied heat rate varies by load lew&dr the past three yearAs
expectd in a weltperforming market2021exhibited a positive relationship between implied
heat rate and load levehough the magnitudsf the change isomewhatower than the
previous few yearsResources with higher marginal costs were dispatched asppashched
peak. For additional analysis of reime energy prices adjusted for fuel price changes, see
Figure A9, Figure ALO, andTable A2 in the Appendix.

Figure 15 Implied Heat Rate and Load Relationship
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E. Aggregated Offer Curves

The next analysis compares the quantity ancepsfgeneration offered in 2Q2o that offered in

2020. By averaging the amount of capacity offered at selected price levels, an aggregated offer
stack can be assembleBigure16 provides the average aggregated generator offer stacks for the
entire year, as well as tipeak load hour of the year

This figure shows that in both periods, in previous yearthe largest amount of capacity is not

di spatchable because it is below gentagkmgpt or so
portion of the offer stack. The second largest share of capacity is priced at levels between zero
and a value equal to 10 timeg ttlaily natural gas price (known as the Fuel Index Price, or FIP):
$(10*FIP). This price range represents the incremental fuel price for the vast majority of the
ERCOT generation fleet.

Figure 16: Aggregated Generation Offer Stak - Annual and Peak

Figurel6 showsthat in2021, on average

1 The amount of capacity offered below LSL increased by about 1,000 MW

1 The amount of capacity @fed at prices less than zero attributable tahaimd solar
increased bypproximatelyl, 900 MW.
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